Methods: A total of 24 rabbits were divided into four groups of six rabbits each, as follows: group 1 (n ¼ 6) sham, laparotomy only; group 2 (n ¼ 6) I/R; group 3 (n ¼ 6) I/R þ iloprost; and group 4 (n ¼ 6) I/R þ piracetam. I/R was established in groups 2, 3 and 4. Subsequently, they were followed up neurologically for 24 h until the rabbits were killed; biochemical and histopathological examinations of samples from the spinal cord were carried out. Results: Neurological examination results were significantly better in the iloprost and piracetam groups compared with the I/R group (Po0.05). Neuroprotection was achieved with iloprost and piracetam by suppressing malondialdehyde (Po0.05), increasing glutathione peroxidase activity (Po0.05) and decreasing the xanthine oxidase level. In histopathological assessment, iloprost and piracetam groups were statistically different from the I/R group in terms of the number of apoptotic neurons in gray matter and white matter, as well as in terms of degenerated neurons and glial cells (Po0.05). No statistical difference was determined between the four groups in the number of degenerated glial cells (P40.05). Conclusion: This study has shown that iloprost and piracetam have neuroprotective effects in I/R injury both neurologically and histopathologically because of inhibition of lipid peroxidation.
Introduction
Paraplegia, which stems from spinal cord ischemia, can be seen after surgical procedures related to the thoracic and thoracoabdominal aorta. 1, 2 The incidence of neurological injury occurring as a result of ischemia/reperfusion (I/R) injury to the spinal cord ranges between 4 and 33%. [1] [2] [3] Various methods have been proposed to protect the spinal cord from this complication. 4, 5 However, paraplegia seems to be a durable complication, 6 and the mechanism of this complication is not yet fully understood. [7] [8] [9] Iloprost is a prostacyclin analog. It has some wellknown antivasospastic, antiischemic and neuroprotective effects. 10, 11 Recent studies indicate that neutrophils, which are active in tissue injury in I/R models, have a crucial role. It is thought that iloprost's healing effect is a result of its inhibition of neutrophil accumulation. 10, 11 Piracetam, a nootropic agent, is known to exert its effect by activating and protecting neuronal cell functions. The exact mechanism of piracetam's neuroprotective effects is still unclear. Some experimental data point to the facilitating role of piracetam in cholinergic synaptic transmission. 12 In this study, we observe and compare the effects of iloprost and piracetam on histopathological and biochemical alterations, and also on neurological functions, in a spinal cord I/R rabbit model. The neuroprotective effects of iloprost on an experimental traumatic injury of the spinal cord was studied previously, 7 but the effects of iloprost and pirecetam on spinal cord I/R injury were first investigated in this study. was administered as a single dose. As maintenance, 0.9% NaCl (20 ml h
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À1
) was given throughout the experiment. The study groups were formed as follows:
Group 1: sham (n ¼ 6); laparotomy only. Group 2: I/R (n ¼ 6); ischemia was applied for 20 min, followed by reperfusion for 24 h. Group 3: I/R þ iloprost (n ¼ 6); iloprost (25 ng kg À1 min
; Ilomedin, Bayer Schering Pharma AG, Berlimed SA, Spain) was administered at the beginning of the I/R period and intravenous infusion was initiated. The infusion was continued for 1 h and reperfusion was applied.Group 4: I/R þ piracetam (n ¼ 6); 250 mg kg À1 of piracetam (Nootropil, UCB Pharma, Istanbul, Turkey) was administered intraperitoneally at the beginning of the I/R period and then reperfusion was performed as in the other groups. Piracetam was continued intraperitoneally at the same dose every 6 h.
The effective dosage of iloprost 7 and piracetam 13 was decided according to previous studies.
Ischemia/reperfusion procedure
The spinal cord ischemia model was established as described by Zivin and DeGirolami. 8, 9 In short, a 'Bulldog' 1 cm below the thoracoabdominal aorta and renal artery was clamped with an atraumatic vascular clamp. Heparin (100 U kg
À1
) was injected before clamping. The clamp was localized close to the L3 vertebra. The animals were subjected to ischemia for 20 min and then to a reperfusion period and blood flow was achieved. Animals in the sham (control) group underwent laparotomy only, without the application of the clamp. Anatomical structures were closed gently and the animals were returned to their cages.
After the procedure, the experimental animals were followed up neurologically, and motor inefficiency and healing rates were noted. At the end of the experimental period, the animals were killed by administering an overdose of an anesthetic agent, and spinal cord tissue samples between L1 and L3 were taken for biochemical and histopathological evaluation.
Neurological assessment
The neurological situation was assessed using the Tarlov scoring system. The animals were followed up for 24 h after the I/R period and neurological assessment was carried out at the first, eighth and twenty-fourth hour. Neurological scores were assessed as follows: 0: paraplegic, 1: severe paraplegic, 2: some functional movement, 3: ataxic dysconjugate movement, 4: minimal ataxia and 5: normal function. Measurement of MDA. MDA levels, as an index of lipid peroxidation, were determined by thiobarbituric acid reaction according to Uchiyama and Mihara. 14 The principle of the method depends on measurement of the pink color produced by the interaction of barbituric acid with MDA, elaborated as a result of lipid peroxidation. The colored reaction 1,1,3,3-tetraethoxypropane was used as the primary standard.
Biochemical assessment
Measurement of GSH-Px levels. The levels of GSH-Px were determined using an indirect method (Sigma, St Louis, MO, USA, product code: CGP). The principle of the method is based on the oxidation of glutathione to oxidized glutathione catalyzed by GSH-Px, which is then coupled to the recycling of oxidized glutathione back to glutathione using glutathione reductase and NADPH (b-nicotinamide adenine dinucleotide phosphate). The decrease in NADPH absorbance measured at 340 nm during the oxidation of NADPH to NADP is indicative of GSH-Px activity, as GSH-Px is the rate-limiting factor of the coupled reactions.
Measurement of XO activity. XO activity is measured by the principle of the formation of uric acid from xanthine. The addition of 100% trichloroacetic acid finalizes the reaction and formation of uric acid ends. The absorbance of uric acid is determined at 293 nm using a spectrophotometer and the amount of uric acid produced in 30 min is calculated. The enzyme activity is given as U per mg protein.
Measurement of nitrite and nitrate. The levels of nitrite and nitrate were measured using a photometric end point determination method (Roche Diagnostic GmbH, Mannheim, Germany, catalog no: 1 756 281). The principle of nitrate is reduced to nitrite by reduced NADPH in the presence of the enzyme nitrate reductase. The nitrite formed reacts with sulfanilamide and N-(1-naphtyl)-ethylenediamine dihydrochloride to result in a red-violet diazo dye. The diazo dye is measured on the basis of its absorbance in the visible range (550 nm).
Measurement of MPO activity. MPO activity was determined by a modification of O-dianisidine. The assay mixture, in a cuvette of 1 cm path length, contained 0.2 ml of 0.1 mol l À1 phosphate buffer (pH 7.1), 0.09 ml of H 2 O 2 (3% v/v), 0.1 ml of 0.02 mol l À1 O-dianisidine (freshly prepared in methanol) and 0.1 ml sample in a final volume of 2 ml. The sample was added last and the change in absorbance at 410 nm was observed for 30 min. All measurements were carried out in duplicate. One unit of MPO is defined as that giving an increase in absorbance of 0.001 per min and specific activity is given as units per mg of protein.
Histopathological study
Tissue samples were fixed in 10% paraformaldehyde and prepared with autotechnicon and then embedded in paraffin. Slices (5 mm) were obtained with a microtome and stained with hematoxylin and eosin. Hematoxylin-and eosin-stained specimens were examined under a Nikon Eclipse E400 light microscope (Nikon Instruments Inc, Melville, NY, USA) ( Figure 1 ). For detecting apoptosis in tissues, a TUNEL (terminal deoxynucleotidyl transferase dUTP nick end labeling)-based apoptosis kit (Fragel DNA fragmentation kit, Calbiochem, Darmstadt, Germany) was used. In this method, 4-micronthick sections cut from paraffin blocks were first deparaffinized and rehydrated. They were then permeabilized with proteinase K and endogenous peroxidase inactivated by 10% H 2 O 2 . For DNA labeling, Tdt labeling reaction mix and Tdt enzyme mixture were used. For detection of reaction, DAB solution in H 2 O 2 /urea mixture was used. Methyl green (3%) was used for counter staining. Samples were then dehydrated and mounted with xylene. Terminal deoxynucleotidyl transferase dUTP nick end labeling-positive brown-stained cells were accepted as apoptotic in concordance with the positive control supplied by the manufacturer (Figure 2 ).
Statistical analysis
Statistical analysis by means of computer-assisted data analysis was performed with software (SPSS 13.0) for windows. All values were presented as mean ± s.e.m.
The differences between groups in biochemical data were analyzed by one-way analysis of variance tests and Tukey HSD. The differences between groups in neurological examination scores and histophatological results were analyzed by the Kruskal-Wallis H-test and the MannWhitney U-test using Bonferroni's correction. P-values o0.05 were accepted as significant.
Results
Neurological assessment
For each group, neurological examinations were performed at the first, eighth and twenty-fourth hour (Table 1) .
We determined significant differences between the I/R group and the other groups. At the firsthour, significant differences were determined between group 1 and groups 2 and 4; between group 2 and groups 1, 3 and 4; between group 3 and groups 1 and 2; and between group 4 and groups 1 and 2 (Po0.05 for all). No significant difference was found between groups 3 and 4 (P40.05). Statistically similar Iloprost and piracetam in spinal ischemia-reperfusion E Kalkan et al findings were also seen at the eighth and twenty-fourth hour (Figures 3-5) .
Neurologically, there was a significant difference between groups 2 (I/R), 3 (iloprost) and 4 (piracetam; Po0.05). However, no significant difference was found between the two treatment (iloprost and piracetam) groups (P40.05).
Biochemical assessment
As shown in Table 2 , when the I/R group and controls were compared, there was a significant increase in MDA levels in the I/R group (Po0.05). On the other hand, MDA formation was partially prevented in iloprost-and piracetam-treated Iloprost and piracetam in spinal ischemia-reperfusion E Kalkan et al groups. The MDA levels in the piracetam-treated group were closer to those of the sham group. A greater decrease in MDA levels was observed in the group treated with iloprost, and MDA levels decreased more dramatically compared with those in the I/R group (Po0.05). Nevertheless, no significant difference in MDA levels was determined between the iloprost and piracetam groups (P40.05). The MDA levels in the two treatment groups were significantly lower than those of the I/R group (Po0.05). GSH-Px activity was similar in sham and I/R groups. GSHPx activity increased significantly in the iloprost and piracetam groups compared with the I/R group (Po0.05), but no significant difference was determined between the iloprost and piracetam groups (P40.05).
XO activity was significantly higher (Po0.05) in the I/R group when compared with controls and with the groups treated with iloprost or piracetam. Treatment with iloprost and piracetam suppressed XO activity. No significant difference was determined in XO activity between the iloprost and piracetam groups (P40.05).
There was no statistically significant difference between sham and I/R groups in terms of tissue nitrate levels (P40.05). However, NO levels in the iloprost and piracetam groups were lower compared with the sham group, but the decrease was significant only in the iloprost group (Po0.05). When compared with the I/R group, no significant difference was found between iloprost and piracetam groups (P40.05).
No significant difference was determined in tissue MPO levels between the four groups (P40.05).
Histopathological assessment
In terms of apoptosis in the gray matter, the I/R group had higher apoptosis values than the other three groups and the difference was statistically significant (Po0.05). There was no statistical significance between groups 1 and 3 or between groups 1 and 4 in terms of apoptosis in the gray matter of the spinal cord (P40.05).
When apoptosis in the white matter of the spinal cord was examined, the highest apoptosis value was in the I/R group. In iloprost and piracetam groups, the number of apoptotic cells was significantly lower compared with the I/R group (P40.05). Although this value was higher than that in the control group, the difference was not statistically significant (P40.05).
The lowest number of neurons was in the I/R group. Neurons were highest in the iloprost group and the difference was significantly meaningful (Po0.05). The number of neurons in the piracetam group was statistically close to that of the control group (P40.05), and it was statistically significantly higher when compared with the I/R and iloprost groups (Po0.05). The NO levels in the iloprost group were lower compared with controls. The decrease in the iloprost group was statistically significant (Po0.05).
f MDA values were significantly lower in the piracetam-treated group compared with the I/R group (Po0.05). The I/R group showed higher apoptosis compared with the other three groups and the difference was statistically significant (Po0.05).
b
The I/R group showed the lowest neuron number compared with the other three groups and the difference was statistically significant (Po0.05). The I/R group had the highest number of degenerated neurons, and in the iloprost, piracetam and control groups the number was lower and the difference was statistically significant (Po0.05). 
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The number of degenerated neurons was highest in the I/R group and it was lower in the iloprost, piracetam and control groups, and the difference was statistically significant (Po0.05). Although the number was higher in the iloprost and piracetam groups than in controls, the difference was not statistically different (P40.05).
The lowest number of glial cells was seen in the I/R group, and the difference between the I/R and the other three groups was statistically significant (Po0.05).
In terms of degenerated glial cells, although there was no significant difference between the four groups (P40.05), the highest number was seen in the I/R group.
A summary of findings on histopathological examinations can be seen in Table 3 .
Discussion
Paraplegia can be seen after thoracoabdominal vascular surgery. As a result of the clamping of thoracic aorta, the decrease in spinal blood flow affects experimental animals and humans significantly. 15 The acute inflammatory responses lead to the production of reactive oxygen types and result in lipid peroxidation. 16 Free radical and reactive oxygen species (ROS) have a role in the etiology and progression of many diseases and in aging. 16 Oxidative stress is a result of an imbalance between ROS, endogenous antioxidant defense mechanisms and repair capacity. The removal of the aortic clamp in thoracic aorta surgery results in the excessive production of ROS and oxidative injury in DNA and proteins, with cell membrane peroxidation in spinal neurons. The effects of ROS on membrane lipids are realized at various metabolic levels. Lipids are destroyed with lipid peroxidation, the ultrastructure of neural membranes is degenerated and critical functions of membrane connective enzymes are inhibited. 16 In this study, iloprost and piracetam decreased the depletion in GSH-Px activity and deactivated free radicals formed in the spinal cord by I/R. At the same time, the increase in NO and MDA concentrations in iloprost and piracetam rabbit tissue was prevented. In this study, lipid peroxidation is monitored with MDA measurement. MDA free-radical injury to the cell membrane is seen after lipid peroxidation. In the I/R group, a significant increase in MDA concentrations was observed in the spinal cord of rabbits. Iloprost and piracetam decreased MDA concentrations significantly. This is probably because of their capacity to eliminate ROS. Iloprost and piracetam protect the spinal cord by preventing lipid peroxidation. With its protective effect on GSH-Px, they decrease free radicals and prevent oxidants. Our study shows that NO increased significantly in the I/R group and that iloprost and piracetam decreased this increase. In oxidative stress, free radicals produce NO. MPO is an enzyme settled in leukocytes. Tissue MPO levels increased because of leukocyte infiltration in the I/R group. However, iloprost and piracetam prevented this increase, and in the I/R group, neutrophil and mononuclear phagocytes were infiltrated in the spinal cord. On the basis of our findings, we suggest that iloprost and piracetam can be extraordinary agents in the protection against oxidative stress in thoracic aorta surgery.
This study has some limitations. The number of rabbits in each group and the time period for neurological assessment may be augmented and dose-dependent results may be investigated. Further studies based on our findings may be more helpful for investigating these promising medications for I/R injury of the spinal cord.
